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(57) ABSTRACT 

An object is to improve the adhesion strength between a 
circuit pattern and its Substrate without increasing the resis 
tance value of the circuit pattern in preparation of a circuit 
pattern holding Substrate. A circuit pattern formation device 
100 forms, after forming a precursor circuit-pattern 12 in the 
surface of a dielectric thin film body 4, a circuit pattern 14 
onto a target substrate 23 from the dielectric thin film body. 
After forming an electrostatic latent image 2 in the upper 
surface of the dielectric thin film body, the electrostatic latent 
image is exposed using an exposure unit 3 to prepare a pat 
tern. A development apparatus 7 Supplies a conductive par 
ticle dispersion solution 6 to this pattern to form a precursor 
circuit-pattern. By energizing the circuit pattern holding Sub 
strate 8, in which an adhesive layer 22 is formed, the precursor 
circuit-pattern is temporarily transferred to the circuit pattern 
holding Substrate. The transferred precursor circuit-pattern is 
heated using the heater 13 to form a circuit pattern. The circuit 
pattern and the adhesive layer are released from the circuit 
pattern holding Substrate, thereby transferring to the target 
substrate. 

13 Claims, 3 Drawing Sheets 
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CIRCUIT PATTERN FORMATION DEVICE 
AND METHOD OF FORMING CIRCUIT 

PATTERN TO SUBSTRATE 

FIELD OF THE INVENTION 

The present invention relates to a circuit pattern formation 
device for forming a circuit pattern to a printed circuit board 
and the like, and methods of forming a circuit pattern thereto. 

BACKGROUND OF THE INVENTION 

In the past, methods of forming a circuit pattern by printing 
processes, such as Screen printing, a dispenser method, inkjet 
printing, and electrophotographic printing, have been often 
used because the circuit pattern can be formed conveniently. 
In these methods of forming a circuit pattern, a conductive 
microparticle dispersion liquid made by dispersing conduc 
tive particles into a solvent, or a toner made by containing 
conductive material into a resin is used. Then, a target pattern 
is formed by coating or by electrostatic adsorption, and is 
heated and burned and thereafter the particles are fused to 
each other to be conductive, thereby forming wirings. 
An example of forming a circuit pattern in a substrate 

surface is described in Patent Document 1. In the method of 
forming a wiring board described in this official gazette, in 
order to reduce disconnections of the conductor wirings 
formed from a conductive ink, or delamination from a Sub 
strate, a Substrate containing a resin composition, which 
exhibits adhesive properties for the conductor wiring after 
undergoing a predetermined temperature history, is prepared, 
and a conductive ink is applied to the Surface of this substrate. 
Then, the substrate and the conductive film pattern formed 
from the conductive ink are heated and cooled based on the 
predetermined temperature history, thereby providing adhe 
sive properties to the Substrate. Accordingly, the conductive 
film pattern is converted into the conductor wiring. 

Another example of forming a circuit pattern in a substrate 
surface is described in Patent Document 2. In the method of 
forming a wiring pattern described in this official gazette, in 
order to preparea wiring pattern in various Substrate materials 
with high drawing accuracy, a release layer is formed in the 
transfer sheet surface of a highly heat resistant and flexible 
film. Then, in the surface of this release layer, a fine wiring 
pattern is drawn with a metal nano particle dispersion liquid 
by screen printing or inkjet printing. Then, the wiring pattern 
is heated and burned. On the other hand, an adhesive layer is 
applied onto the substrate to be transferred, and the transfer 
sheet is adhered thereon and is then compression-bonded to 
each other and heated, so that the wiring pattern is transferred 
to the substrate to be transferred. 
Patent Document 1 JP-A-2005-347571 
Patent Document 2.JP-A-2004-247572 

BRIEF SUMMARY OF THE INVENTION 

Because the methods of forming a circuit pattern by the 
above-described printing processes neither use a resist nor 
include an etching process, these are advantageous interms of 
material utilization efficiency. However, with the conductive 
ink and toner, which are wiring forming materials, in order to 
provide adhesive properties to the Substrate, a resin compo 
nent is dispersed into the ink in case of the ink, and a conduc 
tive material is contained into a resin in case of the toner. 
Because the ink or toner is heated and burned after the pattern 
formation, the resin component contained in the ink or in the 
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2 
toner increases the resistance value of the conductor when 
making the circuit pattern conductive by heating and burning 
the particles. 

Moreover, in the method of forming a circuit pattern in the 
substrate surface described in Patent Document 1, after form 
ing a conductive particle pattern on a target Substrate, this 
target substrate has to be heated and burned to at least about 
150° C. to 200° C., and thus the target substrate is limited to 
the ones having heat resistance. Accordingly, the target Sub 
strates allowing for only low temperatures may not be used, 
thus increasing the cost and decreasing the flexibility to select 
the substrate. 

In the method of forming a circuit pattern in the substrate 
surface described in Patent Document 2, a transfer sheet base 
material has to be released after adhering a wiring pattern 
onto a target Substrate. As a result, the coating film of a 
silicone resin or of fluororesin needs to be formed in the 
surface of the transfer sheet, in which a circuit pattern is 
temporarily formed, so that the base material may be released 
easily. In the step of forming the circuit pattern on the transfer 
sheet, in the step of heating and burning the formed pattern, 
and in the step of adhering the transfer sheet onto the target 
substrate, the retention of the circuit pattern in the surface of 
the transfer sheet decreases. As a result, a fracture or delami 
nation of the pattern may occur. 

In addition, when an electrostatic transfer is used in pat 
terning the wiring material into an electrostatic latent image 
by an electrostatic force, the thicker the thickness of the 
substrate or of the transfer sheet, the higher voltage needs to 
be applied, and thus the transfer voltage tends to be insuffi 
cient, causing a decrease in the transfer efficiency or a 
decrease in the resolution of a transferred image in this case. 
Moreover, if the target substrate is not of a sheet shape but of 
a bulk body, it is physically impossible to apply the transfer 
voltage from the back side. 
The present invention has been made in view of the prob 

lems in the above-described conventional arts, and an object 
of the invention is to improve the adhesion strength between 
a circuit pattern and its substrate without increasing the resis 
tance value of the circuit pattern. Another object of the present 
invention is to allow a high resolution circuit pattern to be 
formed highly efficiently only by the application of a low 
voltage in the electrophotographic method. Yet another object 
of the present invention is to allow a circuit pattern to be 
formed in a poorly heat resistant Substrate. 

Other objects, features and advantages of the invention will 
become apparent from the following description of the 
embodiments of the invention taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of an example of a circuit pattern 
formation method concerning the present invention. 

FIG. 2 is a schematic view of a particle dispersion solution 
used for the circuit pattern formation method shown in FIG.1. 

FIG. 3 is a schematic view of a conductive particle having 
a low molecular-weight ionic organic molecule. 

FIG. 4 is a vertical cross-sectional view of a circuit pattern 
holding substrate used for the circuit pattern formation 
method shown in FIG. 1. 

FIG. 5 is a view explaining an electrostatic transferring 
step. 

FIG. 6 is a view explaining a heating and burning step. 
FIG. 7 is a view explaining an adhering step. 
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FIG. 8 is a view explaining a releasing step. 
FIG. 9 is a view explaining a releasing step. 

DESCRIPTION OF REFERENCE NUMERALS 

1 Charging device, 2 Electrostatic latent image, 3 Exposure 
unit, 4 Dielectric thin film body, 5 Electrostatic latent image 
pattern, 6 Particle dispersion solution, 7 Development appa 
ratus, 8 Circuit pattern holding substrate, 9 Conveying roller, 
10 Residual latent image erasing device, 11 Residual conduc 
tive particle cleaning device, 12 Precursor circuit-pattern, 13 
Heater, 14 Circuit pattern, 15 Nonpolar solvent, 16 Ionic 
organic molecule, 17 Conductive particle, 18 Inorganic ion, 
19 Fatty acid ion, 20 Base substrate, 21 Conductive base 
layer, 22 Adhesive layer, 23 Target substrate, 24 Adhesive 
agent 

DETAILED DESCRIPTION OF THE INVENTION 

According to an aspect of the present invention for attain 
ing the above-described objects, in a circuit pattern formation 
method for forming a circuit pattern onto a target Substrate 
from a member, in which a precursor circuit-pattern is formed 
in advance, the precursor circuit-pattern formed in the mem 
ber is temporally transferred to a circuit pattern holding sub 
strate, in an upper Surface of which is formed an adhesive 
layer, and then the precursor circuit-pattern and the adhesive 
layer are transferred from the circuit pattern holding substrate 
to a target Substrate. 

Here, it is preferable that the member is a dielectric thin 
film body, and the circuit pattern holding substrate includes a 
base material, a conductive base layer formed in an upper 
Surface of this base material, and an adhesive layer formed in 
an upper Surface of this conductive base layer, wherein in 
forming the precursor circuit-pattern, a conductive particle 
dispersion solution is supplied to the dielectric thin film body 
to form the precursor circuit-pattern, and the formed precur 
Sor circuit-pattern is energized to be transferred to the circuit 
pattern holding Substrate, after which the precursor circuit 
pattern is heated to form a circuit pattern on the circuit pattern 
holding Substrate. 

According to another aspect of the present invention for 
attaining the above-described objects, in a circuit pattern 
formation device for forming a precursor circuit-pattern in a 
Surface of a member in advance and forming a circuit pattern 
onto a target Substrate from this member, the circuit pattern 
formation device includes: a unit for preparing a pattern on an 
upper Surface of the member, a unit for Supplying a conduc 
tive particle dispersion solution to this pattern to form the 
precursor circuit-pattern; a unit for energizing a circuit pat 
tern holding Substrate, in which an adhesive layer is formed, 
to thereby temporarily transfer the precursor circuit-pattern 
formed in the member; a unit for heating the transferred 
circuit pattern to form a circuit pattern; and a unit for releasing 
the circuit pattern and the adhesive layer from the circuit 
pattern holding substrate to thereby transfer the same to a 
target Substrate. 

According to yet another aspect of the present invention for 
attaining the above-described objects, in a circuit pattern 
formation method to a Substrate for forming a circuit pattern 
on a target Substrate using a conductive material, the method 
includes steps of forming a precursor circuit-pattern from the 
conductive material in advance; temporarily holding the pre 
cursor circuit-pattern in a surface of an adhesive layer formed 
in an upper Surface of a conductive base layer of a circuit 
pattern holding Substrate; then preparing a circuit pattern by 
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4 
heating the precursor circuit-pattern; and transferring the pre 
pared circuit pattern and the adhesive layer to a target Sub 
Strate. 

In this case, it is preferable that when temporarily holding 
the precursor circuit-pattern in the surface of the adhesive 
layer of the circuit pattern holding substrate, the conductive 
material is patterned in the surface of the adhesive layer, or the 
precursor circuit-pattern, which is prepared in advance, is 
transferred to the surface of the adhesive layer. Moreover, in 
this case, when forming the precursor circuit-pattern from the 
conductive material in advance and temporarily holding the 
precursor circuit-pattern in the surface of the adhesive layer 
of the circuit pattern holding Substrate, an electrostatic latent 
image is formed in the surface of the dielectric thin film, and 
then a conductive particle dispersion solution is Supplied to 
this dielectric thin film, and the electrostatic latent image is 
developed by a conductive particle to form the precursor 
circuit-pattern, and the precursor circuit-pattern formed on a 
dielectric thin film is transferred to the surface of the adhesive 
layer of the circuit pattern holding substrate by an electro 
static force. It is further preferable that when temporarily 
holding the precursor circuit-pattern in the circuit pattern 
holding Substrate, a Voltage is applied to a conductive layer 
which this holding substrate has. 

In this case, it is preferable that when forming the precursor 
circuit-pattern from the conductive material, at least one of 
inkjet printing, a dispenser method, screen printing, relief 
printing, intaglio printing (gravure) printing, and lithographic 
(flexographic) printing, is used to form. It is preferable that 
the conductive material is a conductive particle dispersion 
solution made by dispersing a conductive particle into a liq 
uid, the conductive particle being made conductive by heating 
or pressuring, and that the particle diameter of the conductive 
particle dispersed into the conductive particle dispersion 
solution is set to less than or equal to 100 nm. It is further 
preferable that the conductive particle in the conductive par 
ticle dispersion Solution has an ionic organic molecule on its 
Surface and is dispersed into a nonpolar solvent. 

In this case, it is preferable that when transferring the 
circuit pattern from the circuit pattern holding substrate to the 
target Substrate, a base material, which the circuit pattern 
holding Substrate has, is released after the circuit pattern is 
adhered to the target substrate, and it is preferable that the 
circuit pattern holding Substrate includes a conductive base 
layer on the base material and peels off so that a released plane 
may be an interface between the base material of the circuit 
pattern holding Substrate and the conductive base layer, oran 
interface between the conductive base layer and the adhesive 
layer. It is further preferable that the adhesive layer includes 
a thermosetting resin that is cured by heating. 

EXAMPLES 

Hereinafter, an example of the circuit pattern formation 
method concerning the present invention will be described 
using the accompanying drawings. In the present example, a 
case where a circuit pattern is formed in a circuit pattern 
holding substrate by electrophotography will be described as 
an example. FIG. 1 schematically shows a circuit pattern 
formation device for forming a circuit pattern by electropho 
tography. In a circuit pattern formation device 100, a dielec 
tric thin film body 4 is attached to an outer peripheral surface 
of a cylindrical drum 41. The cylindrical drum 41 is rotatably 
disposed with the axial center being set horizontal. Beneath 
the cylindrical drum 41, a plurality of conveying rollers 9 are 
rotatably spaced from each other. On the conveying roller9 is 
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placed a circuit pattern holding Substrate 8, which is sent out 
by the conveying rollers 9 from the left to the right in the view. 

Diagonally above the drum 41 disposed along the horizon 
talaxis, a charging device 1 is disposed a slight distance apart 
from this drum 41. At the rotation direction side of the drum 
41 rather than this charging device 1 side and at the outward 
side of the drum 41, an exposure unit 3 is disposed a distance 
apart from this charging device 1. At the rotation direction 
side of the drum 41 rather than the exposure unit 3 side and 
near the advancing side to the conveying roller 9 of the circuit 
pattern holding Substrate 8, a development apparatus 7 is 
disposed a slight distance apart from the drum 41. The devel 
opment apparatus 7 includes a tank 7a for storing a conduc 
tive particle dispersion solution 6, and a small drum 7b for 
Supplying the conductive particle dispersion solution 6 stored 
in the tank 7a to the dielectric thin film body 4 that is wound 
around the drum 41. The small drum 7b is rotatably disposed 
in the tank 7a with the axial center being set horizontal, and a 
layer of the conductive particle dispersion solution 6 is 
formed on this small drum 7b. 

Here, in the storage tank7a, a non-illustrated concentration 
detecting unit for detecting the concentration of the conduc 
tive particle dispersion Solution 6 and a non-illustrated con 
centration adjusting unit are provided. In the storage tank 7a, 
although not illustrated either, an anti-settling means and a 
means for equalizing the concentration over the whole region 
are provided. As the anti-settling means or the means for 
equalizing the concentration over the whole region, any one 
of an ultrasonic irradiation unit, a stirring unit for stirring the 
conductive particle dispersion Solution 6 stored in the storage 
tank 7a, and a unit for vibrating the storage tank 7a itself, is 
used. 

At the anti-rotation direction side of the charging device 1, 
a residual conductive particle cleaning device 11 is disposed 
adjacent to the charging device 1 and a slight distance apart 
from the drum 41. Then, adjacent to this residual conductive 
particle cleaning device 11 and at a locationalmostjust beside 
the drum 41, a residual latent image erasing device 10 is 
disposed a slight distance apart from the drum 41. At the 
location just beneath the drum 41, one of the conveying roll 
ers 9 described above is disposed. At a location of sandwich 
ing the circuit pattern holding substrate 8 with respect to this 
conveying roller9 and beneath the drum 41, a transfer unit is 
disposed. At the downstream side of the conveying direction 
of the circuit pattern holding substrate 8 and above the circuit 
pattern holding substrate 8, a heater 13 is disposed. 
The operation of the circuit pattern formation device 100 of 

the electrophotographic method configured this way will be 
described below. The surface of the photosensitive dielectric 
thin film body 4 wound around the drum 4 is uniformly 
charged by the charging device 1 to thereby prepare the elec 
trostatic latent image 2. Here, as the charging device 1, a 
device causing at least one of corotron charging, roller contact 
charging, and brush contact charging to occur is used. 
The exposure unit 3 scans and irradiates a laser beam to the 

surface of the dielectric thin film body 4, in which the elec 
trostatic latent image 2 is prepared, based on an image signal 
outputted from an image information processor, Such as a 
non-illustrated personal computer. An electrostatic latent 
image pattern 5 is formed in the surface of the dielectric thin 
film body 4, the surface being irradiated with the laser beam. 
By rotatably driving the small drum 7b of the development 
apparatus 7, a layer of the conductive particle dispersion 
solution 6 is caused to contact with the formed electrostatic 
latent image pattern 5, thereby developing and forming a 
circuit patternand obtaining a precursor circuit-pattern 12. At 
this time, the concentration adjusting unit adjusts the concen 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
tration of the conductive particle dispersing Solution 6 by 
adding a nonpolar solvent 15 or a conductive particle 17 based 
on the concentration information of the conductive particle 
dispersing Solution 6, which the non-illustrated concentration 
detecting unit provided in the storage tank 7a detected. 
The precursor circuit-pattern 12, which is developed and 

formed in the surface of the dielectric thin film body 4, is 
transferred onto the circuit pattern holding substrate 8 by the 
transfer unit and is held temporarily. The transfer unit applies 
a Voltage from the back side via the precursor circuit-pattern, 
the precursor circuit-pattern being a layer to be transferred, 
and transfers the precursor circuit-pattern 12, which was 
developed on the dielectric thin film body 4 by an electrostatic 
force, onto the circuit pattern holding substrate 8. 

In transferring, the precursor circuit-pattern 12 is held in an 
adhesive layer 22 of the circuit pattern holding substrate 8. 
which will be described in detail later. Then, by the use of the 
heater 13, the precursor circuit-pattern 12 is heated at a high 
temperature of 150° C. to 250° C. or more to be conductive, 
thereby forming a circuit pattern 14. Then, the circuit pattern 
14 formed on the circuit pattern holding substrate 8 is trans 
ferred to an object substrate by the non-illustrated transfer 
unit. 
The details of the conductive particle dispersion solution 6 

used in the present example, which is configured and operates 
as described above, will be described using a schematic view 
shown in FIG. 2. The particle dispersion solution 6 is pre 
pared by dispersing the conductive particle 17 of the particle 
diameter of 100 nm or less into the nonpolar solvent 15, the 
conductive particle 17 having an ionic organic molecule 16 
adsorbed to the surface thereof. 

Here, in case of using a polymer material for the ionic 
organic molecule 16, monopolymers of styrene or its Substi 
tute. Such as polystyrene or poly-p-chlorostyrene, polyvinyl 
toluene, styrene-p-chlorostyrene copolymer, or styrene-vi 
nyltoluene copolymer, or copolymers of these; copolymers of 
styrene and acrylic ester, such as styrene methyl acrylate 
copolymer, styrene ethyl acrylate copolymer, and styrene 
acrylic acid-n-butyl copolymer, copolymers of Styrene and 
methacrylic acid ester, such as styrene-methyl methacrylate 
copolymer, styrene-ethyl methacrylate copolymer, and sty 
rene-methacrylic acid-n-butyl copolymer, styrene system 
copolymers of styrene and other vinyl system monomer, Such 
as multi-component copolymer of styrene, acrylic ester, and 
methacrylic acid ester, styrene-acrylonitrile copolymer, Sty 
rene-vinylmethyl ether copolymer, styrene-butadiene 
copolymer, styrene-vinyl methyl ketone copolymer, styrene 
maleate copolymer; methacrylic ester resins, such as polym 
ethylmethacrylate and poly butylmethacrylate; acrylic ester 
resins, such as polymethyl acrylate, ethyl polyacrylate, and 
butyl polyacrylate; and materials with functional groups 
capable of providing the ionicity of a carboxylic acid group, 
an amino acid group, and the like to a single polymer resin or 
a compounded polymer resin of polyester resin, epoxy resin, 
and cycloolefin copolymer, can be used. 

In case of using a low molecular-weight organic molecule, 
dicarboxylic acids, Such as an oxalic acid or a malonic acid, a 
Succinic acid, an adipic acid, a glutaric acid, a 2,4-diethylglu 
taric acid, a 2,4-diethylglutaric acid, a pimelic acid, anaZelaic 
acid, a sebacic acid, a cyclohexanedicarboxylic acid, a maleic 
acid, a fumaric acid, and a diglycolic acid; fatty acids, such as 
a caprylic acid, a lauryl acid, a myristic acid, a palmitic acid, 
a Stearin acid, anarachin acid, a behenic acid, a linolic acid, an 
oleic acid, and a linolenic acid; hydroxycarboxylic acids, 
Such as a lactic acid, a hydroxypyruvic acid, a dimethylol 
propionic acid, a citric acid, a malic acid, and a glyceric acid; 
and aliphatic carboxylic acid mineral salts composed of an 
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aliphatic carboxylic acid ion by an aliphatic carboxylic acid, 
Such as this hydroxycarboxylic acid, and an inorganic ion of 
Ag, Cu, Au, Pd, Pt and Ni, W. Mo, Cror the like, are used. 

In addition, in FIG.3, reference numeral 19 represents the 
above-described aliphatic carboxylic acid ion, and reference 
numeral 18 represents an inorganic ion. When preparing a 
particle dispersion Solution, the proportion of an organic mol 
ecule component in the circuit pattern 14 is lowered in order 
to decrease the resistance. Moreover, even if the circuit pat 
tern holding substrate 8 is a resin substrate made of polyimide 
and the like, a low molecular-weight organic molecule as 
shown in FIG. 3 is used so as to be able to form the circuit 
pattern 14 in the surface thereof by low temperature burning. 
The organic constituent around the conductive particle 

needs to be heated and burned out in order to make the 
precursor circuit-pattern conductive. Here, the low molecular 
component may consume less thermal energy required for 
burning than the high molecular component consumes. Then, 
the use of a low molecular organic molecule with a low 
burning temperature allows for use of a substrate made of a 
resin, Such as polyimide, having a low heat resistance tem 
perature. The pattern being made conductive has high resis 
tance because the proportion of the residual organic mol 
ecules in the conductor pattern is high. However, the use of a 
low molecular organic molecule allows this proportion to be 
reduced. 
The particle diameter of the conductive particle 17 is set to 

less than or equal to 10 mm so as to allow for low temperature 
fusing and so that the circuit pattern 14 has high resolution. 
However, in order to heat and fuse the conductive particles at 
a temperature of 200°C. or less and thus to make the precur 
sor circuit-pattern conductive, the particle diameter of the 
conductive particle 17 is set to less than or equal to 10 nm. 
When the circuit pattern 14 with the line width of 100 nm or 
less is required, the particle diameter of the conductive par 
ticles 17 is set to less than or equal to 5 nm. 

For the conductive particle 17, a single metal. Such as Agor 
Cu, Au, Pd, Pt, Ni, W. Mo, or Cr, or the oxides of these metals, 
or the alloys of these metals are used. When a conductive 
material is needed, Ag or Cu having a low Volume resistivity 
is used. In addition, a plurality of above-described metals or 
its oxides, or its alloys can be mixed for use. An aliphatic 
hydrocarbon system solvent is used for the nonpolar solvent 
15. Aliphatic hydrocarbon system solvents include isoparaf 
fin system ones or petroleum naphtha system ones, Isobar 
(ExxonMobil Corporation), IP solvent (Idemitsu Petroleum 
Co., Ltd.), Soltol (Philips Petroleum Co.), and other hydro 
carbons. 

Next, the details of the circuit pattern holding substrate 8 
used in the present example will be described using FIG. 4. 
FIG. 4 is a vertical cross-sectional view of the circuit pattern 
holding substrate 8. In the circuit pattern holding substrate 8. 
a conductive base layer 21 is formed in the upper surface of a 
base substrate 20, and in the further upper surface of this 
conductive base layer 21 the adhesive layer 22 is formed. 
The conductive base layer 21 is used for the purpose of 

applying a Voltage when the precursor circuit-pattern 12 
developed on the dielectric thin film body 4 by an electrostatic 
force is transferred onto the circuit pattern holding substrate 
8. For this reason, a material having a Sufficient conductivity 
is used for the conductive base layer 21. For the conductive 
base layer 21, a single metal, such as Agor Cu, Au, Pd, Pt, Ni, 
W. Mo, or Cr, or the oxides of these metals, or the alloys of 
these metals, the ones made by dispersing the conductive 
particles of the above-described inorganic component or a 
carbon black into a resin, or conductive polymers, such as 
polyacethylene, poly-p-phenylene, and polypyrrole, are used. 
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8 
However, because the conductive base layer 21 also under 

goes a burning step of heating at about 150° C. to 250° C., a 
material having heat resistance to about 150° C. to 250° C. is 
employed. In the present example, inorganic materials. Such 
as Agor Cu, Au, Pd, Pt, Ni, W. Mo, and Cr, were used. Among 
these inorganic materials, Cu and Aghaving low conductivity 
produced good results. 
The adhesive layer 22 is formed for the purpose of holding 

the precursor circuit-pattern 12. After the circuit pattern hold 
ing substrate 8 is heated using the heater 13, the adhesive 
layer 22 is cured to adheringly hold the circuit pattern 14, 
which was formed by the precursor circuit-pattern 12 being 
made conductive. The adhesive layer 22 also prevents the 
circuit pattern 14 from peeling off from the circuit pattern 
holding substrate 8. 
As the adhesive layer 22, a thermosetting resin, which is 

cured to provide adhesive properties by heating, is used. If the 
thermosetting resin is used for the adhesive layer 22, the 
precursor circuit-pattern 12 becomes conductive and at the 
same time the adhesive layer 22 starts to exhibit adhesive 
properties when the precursor circuit-pattern 12 is heated and 
burned, thereby improving the adhesive properties between 
the circuit pattern 14 and the circuit pattern holding Substrate 
8. As a result, when the circuit pattern 14 is transferred from 
the circuit pattern holding Substrate 8 to a target Substrate, as 
described later, it is possible to prevent the circuit pattern 14 
from peeling off from the adhesive layer 22, or from discon 
necting. 
As the thermosetting resin, an epoxy resin or a phenol 

resin, a polyimide resin, a polyamide resin, and a polyamide 
imide resin are used, for example. Alternatively, a plurality of 
these resin materials are combined for use. In the present 
example, athermosetting resin, which is excellent in adhesive 
properties and toughness, heat resistance, electric insulation, 
and corrosion resistance, is supposed to be used and an epoxy 
resin was used. A curing agent is added to the adhesive layer 
22 so that the curing of the adhesive layer 22 is promoted 
when heated. 
The adhesive layer 22 is prepared by applying a spray over 

the conductive base layer 21, or by coating by the use of a slit 
coater or a roll coater. If a pattern-wise coating is carried out 
by using offset printing, screen printing, inkjet method, a 
dispenser method, and the like, the adhesive material is 
applied only to a region in which the wiring is to be formed, 
or to the periphery thereof, thus allowing less coating material 
to be used. 

In addition, before the adhesive layer 22 is heated, the 
precursor circuit-pattern 12 is temporarily formed in the 
adhesive layer 22, the precursor circuit-pattern 12 being in a 
state that the conductive particles 17 are just condensed. For 
this reason, if the thickness of the adhesive layer 22 is too 
thick, the conductive particles 17 might diffuse into the not 
yet-cured adhesive layer 22 and the adhesive layer 22 might 
remain in a not-yet-conductive state, thereby degrading the 
resolution. Then, the film thickness of the adhesive layer 22 is 
set to less than or equal to 100 um. When a pattern of 10 um 
or less is formed, this film thickness is set to less than or equal 
to 10 um. 

Incidentally, in the present example, a sheet shaped Sub 
strate is used for the circuit pattern holding substrate 8 in view 
of ease of conveying during the continuous manufacturing 
and the heating efficiency, the adhesion/transfer to a target 
substrate 23 described below, and a releasing step from the 
base substrate 20. Moreover, in order to facilitate release of 
the base substrate 20 when transferring the circuit pattern 14 
to a target substrate, a release layer is provided in the follow 
ing portion so that when only the base substrate 20 is released, 



US 8,039,182 B2 

a portion between the base material 20 and the conductive 
base layers 21 can be released, and when the base substrate 20 
and conductive base layer 21 are released altogether, a portion 
between the conductive base layer 21 and the adhesive layers 
22 can be released. A fluorocarbon-type resin or a silicon 
resin is used for the release layer. 
The details of the steps after the step of applying the con 

ductive particle dispersion solution 6 to the dielectric thin film 
body 4 to form the precursor circuit-pattern 12 will be 
described using FIGS. 5 to 9. FIGS. 5 to 9 are vertical cross 
sectional views of the circuit pattern holding substrate 8 and/ 
or the target substrate 23. FIG. 5 is a view showing a situation 
in which the precursor circuit-pattern 12 formed in the surface 
of the dielectric thin film body 4 wound around the rotating 
drum 41 is transferred to the circuit pattern holding substrate 
8. A transfer voltage is applied to the conductive base layer 21 
when transferring the precursor circuit-pattern 12 to the cir 
cuit pattern holding substrate 8. Because the precursor cir 
cuit-pattern 12 developed on the dielectric thin film body 4 is 
used for the electrostatic transfer, wherein only the adhesive 
layer 22 exists therebetween, a transfer bias to be applied can 
be minimized. Moreover, because the applied voltage is 
Small, a fracture of the image can be prevented during trans 
ferring. 

Next, FIG. 6 shows a situation in which the precursor 
circuit-pattern held in the circuit pattern holding substrate 8 is 
heated and burned. When the precursor circuit-pattern 12 is 
burned to form the circuit pattern 14, the heater 13 fuses the 
conductive particles 17 to each other to be conductive. More 
over, the ionic organic molecule 16 in the surface of the 
conductive particle 17 is burned. The adhesive layer 22 of the 
circuit pattern holding substrate 8 is heated by the heater 13, 
so that the adhesive layer 22 on the circuit pattern holding 
substrate 8 is cured, thereby improving the adhesion to the 
circuit pattern 14, which is the precursor circuit-pattern 12 
converted by heating. At this time, a non-illustrated pressur 
izing unit presses the precursor circuit-pattern 12 onto the 
circuit pattern holding Substrate 8 at the same time of heating. 
The heating temperature at the time of heating is set to a 

temperature at which temperature the conductive particles 17 
are Sufficiently fused to each other and the ionic organic 
molecule 16 is burned. Specifically, the heating temperature 
is set to less than or equal to 300° C. at which temperature the 
adhesive layer 22 can be cured, high adhesion to the circuit 
pattern 14 is obtained, and also the deformation and denatur 
ation of the circuit pattern holding substrate 8 can be pre 
vented. Here, the heater 13 is provided with an exhaust unit 
for exhausting the burned organic material components. 

FIG. 7 shows a situation in which the circuit pattern 14 
formed on the circuit pattern holding substrate 8 is stuck onto 
the target Substrate 23 having an adhesive agent 24. The top 
and bottom of the circuit pattern holding substrate 8 are 
reversed to dispose, and under this circuit pattern holding 
substrate 8 the target substrate 23 is positioned with the sur 
face, in which the adhesive agent 24 is provided, being the 
upper surface. The circuit pattern holding substrate 8 is 
pressed against the target Substrate 23 at a predetermined 
pressure for a predetermined time, to be adhered. 

Because in this step, a high temperature heating step 
required when making the precursor circuit-pattern 12 con 
ductive is not required, it is possible to transfer from the 
circuit pattern holding substrate 8 to the target substrate 23 
easily even if the heat resistance of the target substrate 23 is 
poor. Here, for the adhesive agent 24, a material having pre 
determined adhesive properties, heat resistance, electric insu 
lation, and corrosion resistance even after forming the circuit 
pattern 14 is used. Because the adhesive layers 22, 24 are 
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10 
formed in the upper surface side and in the lower surface side 
of the transferred circuit pattern 14, the adhesion is sufficient 
and the delamination and disconnection can be prevented. In 
addition, even if silver is used as the material of the circuit 
pattern 14, the migration of concern in the silver wiring can be 
prevented. 

FIG. 8 and FIG. 9 show a situation in which the base 
material 20 of the circuit pattern holding substrate 8, which 
becomes unnecessary after adhering and transferring the cir 
cuit pattern 14 onto the target substrate 23, is released from 
the target substrate 23. FIG. 8 shows the case where the 
conductive base layer 21 formed in the surface of the base 
substrate 20 is released together with the base substrate 20 of 
the circuit pattern holding substrate 8, and FIG. 9 shows the 
case where only the base substrate 20 is released. In the 
method shown in FIG. 8, because only the circuit pattern 14, 
which was transferred together with the adhesive layer 22 
onto the target substrate 23, will remain, the circuit pattern 14 
can be formed in multilayer if a series of the above-described 
steps are repeated, thereby allowing a multilayerinterconnec 
tion board to be formed. In the method shown in FIG. 9, 
because only the base substrate 20 is released and the con 
ductive base layer 21 will remain, this conductive base layer 
21 can be used for a ground layer, an anti-electromagnetic 
wave layer, and the like. 

Although in the above-described example a uniformly 
charged electrostatic latent image is exposed to form the 
electrostatic latent image pattern, a method also can be used, 
in which the electrostatic latent image 3 is formed by stamp 
charging, wherein an electrostatic charge is provided to a 
convex portion, which is formed in advance by processing a 
desired pattern shape in an electrostatic latent image transfer 
body, and then this convex portion is contacted with the 
surface of the dielectric thin film body 4. However, for 
changes of the electrostatic latent image pattern 5, the method 
shown in the present example is easier. In either method, for 
the electrostatic latent image to be formed, either one of a 
positive charge and a negative charge can be used. 

Moreover, although in the present example the conductive 
particle dispersion solution 6 is formed in the surface of the 
drum 7b, and is contacted and supplied to the dielectric thin 
film body 4 by rotationally driving the drum 7b, a method of 
spraying the conductive particle dispersion Solution 6 from a 
nozzle, or a method of dipping the dielectric thin film body 4, 
in which the electrostatic latent image pattern 5 is formed, 
into the storage tank 7a for storing the conductive particle 
dispersion solution 6, can be also used. 

In addition, the formation of the circuit pattern 14 using the 
circuit pattern holding substrate 8 as shown in the above 
described example will facilitate the pattern changes. 
Although in the above-described example the electrophoto 
graphic method, which is advantageous in reliability, high 
resolution, and productivity, was described as an example, the 
method of patterning the circuit pattern holding Substrate 8 is 
not limited to the electrophotographic method, and patterning 
methods, such as a relief printing method, an intaglio printing 
(gravure) printing method, a planographic plate (flexo 
graphic) printing method, a screen printing method, a nano 
imprint method, an ink jet printing method, a dispenser 
method, and the like, can be used, and two or more methods 
among these patterning methods including the electrophoto 
graphic method can be also used simultaneously. 
The circuit pattern 14 formed using the conductive particle 

dispersion solution 6 shown in the above-described example 
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can be used for the Substrates used for, e.g., a personal com 
puter, a large computer, a notebook computer, a pen-input 
type personal computer, a notebook type word processor, a 
mobile phone, a portable card, a wrist watch, a camera, an 
electric shaver, a cordless telephone, a fax, a video tape 
recorder, a video camera, an electronic notebook, a calculator, 
an electronic notebook with a telecommunication function, a 
portable copy machine, a liquid crystal television, a power 
tool, a vacuum cleaner, a game machine having functions 
Such as a virtual reality, a toy, an electromotive bicycle, an 
auxiliary walking device for medical care, a wheelchair for 
medical care, a portable bed for medical care, an escalator, an 
elevator, a forklift, a golf cart, a backup power, a load condi 
tioner, a stationary energy storage system, and the like. Other 
than these, it can be used also for munitions and space appli 
cations. 

It should be further understood by those skilled in the art 
that although the foregoing description has been made on 
embodiments of the invention, the invention is not limited 
thereto and various changes and modifications may be made 
without departing from the spirit of the invention and the 
Scope of the appended claims. 

ADVANTAGES OF THE INVENTION 

According to the present invention, an adhesion strength 
between the circuit pattern and the substrate can be improved 
without increasing the resistance value of the obtained circuit 
pattern. In particular, in the electrophotographic method, the 
applied Voltage can be reduced and the circuit pattern can be 
transferred highly efficiently and with high resolution. More 
over, the formation of the circuit pattern using the circuit 
pattern holding substrate allows the circuit pattern to be 
formed even in a poorly heat resistant Substrate. 

The invention claimed is: 
1. A circuit pattern formation method for forming a circuit 

pattern onto a target Substrate from a member provided with 
a precursor circuit-pattern in advance, the circuit pattern for 
mation method comprising: 

temporally transferring the precursor circuit-pattern in the 
member to a circuit pattern holding Substrate provided 
with an adhesive layer including athermosetting resin in 
an upper Surface thereof, 

then burning the precursor circuit-pattern and heating the 
adhesive layer to make the precursor circuit-pattern con 
ductive and at the same time to cure the adhesive layer, 
and 

then transferring the conductive circuit-pattern and the 
cured adhesive layer from the circuit pattern holding 
substrate to a surface of another adhesive layer, which is 
provided is advance on a target Substrate. 

2. The method of forming a circuit pattern to a substrate 
according to claim 1, 

wherein forming the precursor circuit-pattern includes 
steps of: 

Supplying a conductive particle dispersion solution to the 
member being a dielectric thin film body to form the 
precursor circuit-pattern, 

energizing the circuit pattern holding Substrate to transfer 
the formed precursor circuit-pattern, the circuit pattern 
holding Substrate including a base material, a conductive 
base layer in an upper Surface of this base material, and 
an adhesive layer in an upper Surface of this conductive 
base layer, and 

heating the transferred precursor circuit-pattern to form a 
circuit pattern on the circuit pattern holding Substrate. 
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3. A circuit pattern formation method to a substrate for 

forming a circuit pattern on a target Substrate using a conduc 
tive material, the circuit pattern formation method compris 
ing: 

forming a precursor circuit-pattern from the conductive 
material in advance; 

temporarily holding the precursor circuit-pattern in a Sur 
face of an adhesive layer, including a thermosetting 
resin, formed in an upper Surface of a conductive base 
layer of a circuit pattern holding Substrate; 

then preparing a circuit pattern by heating the precursor 
circuit-pattern; and 

transferring the prepared circuit pattern and the adhesive 
layer to a surface of another adhesive layer which is 
provided in advance on the target Substrate. 

4. The circuit pattern formation method to a substrate 
according to claim 3, wherein when temporarily holding the 
precursor circuit-pattern in the surface of the adhesive layer 
of the circuit pattern holding Substrate, the conductive mate 
rial is patterned in the surface of the adhesive layer, or the 
precursor circuit-pattern, which is prepared in advance, is 
transferred to the surface of the adhesive layer. 

5. The circuit pattern formation method to a substrate 
according to claim 3, wherein when forming the precursor 
circuit-pattern from the conductive material in advance and 
temporarily holding the precursor circuit-pattern in the Sur 
face of the adhesive layer of the circuit pattern holding sub 
strate, an electrostatic latent image is formed in a Surface of a 
dielectric thin film, and then a conductive particle dispersion 
solution is supplied to this dielectric thin film, and the elec 
trostatic latent image is developed by the conductive particle 
to form the precursor circuit-pattern, and the precursor cir 
cuit-pattern formed on the dielectric thin film is transferred to 
the surface of the adhesive layer of the circuit pattern holding 
substrate by an electrostatic force. 

6. The circuit pattern formation method to a substrate 
according to claim 5, wherein when temporarily holding the 
precursor circuit-pattern in the circuit pattern holding Sub 
strate, a Voltage is applied to a conductive layer which this 
holding Substrate has. 

7. The circuit pattern formation method to a substrate 
according to claim 5, wherein when forming the precursor 
circuit-pattern from the conductive material, at least one of 
inkjet printing, a dispenser method, screen printing, relief 
printing, intaglio printing (gravure) printing, and lithographic 
(flexographic) printing, is used to form. 

8. The circuit pattern formation method to a substrate 
according to claim 5, wherein the conductive material is a 
conductive particle dispersion solution made by dispersing a 
conductive particle into a liquid, the conductive particle being 
made conductive by heating or pressuring. 

9. The circuit pattern formation method to a substrate 
according to claim 8, wherein the particle diameter of the 
conductive particle dispersed into the conductive particle dis 
persion solution is set to less than or equal to 100 nm. 

10. The circuit pattern formation method to a substrate 
according to claim 8, wherein the conductive particle in the 
conductive particle dispersion Solution has an ionic organic 
molecule on its surface and is dispersed in a nonpolar solvent. 

11. The circuit pattern formation method to a substrate 
according to claim 3, wherein when transferring the circuit 
pattern from the circuit pattern holding Substrate to the target 
Substrate, a base material, which the circuit pattern holding 
substrate has, is released after the circuit pattern is adhered to 
the target Substrate. 

12. The circuit pattern formation method to a substrate 
according to claim 11, wherein the circuit pattern holding 
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Substrate includes a conductive base layer on the base mate- 13. The circuit pattern formation method to a substrate 
rial and peels off so that a released plane may be an interface according to any one of claims 3 to 12, wherein the adhesive 
between the base material of the circuit pattern holding sub- layer includes a thermosetting resin that is cured by heating. 
strate and the conductive base layer, or an interface between 
the conductive base layer and the adhesive layer. k . . . . 


